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1.0 OVERVIEW

Based on results from the last reporting period, four treated

catalyst materials were selected for column testing to quantify

the long-term performance of these materials against one

untreated catalyst material and one commercially-available

(Engelhard) catalyst material. All column loadings were 3% Pt on

Barnebey-Sutcliffe 208-C Granular Activated Carbon to provide a

standard test set and a sufficient Pt loading to create a

significant challenge to the oxidation-resistance treatments. The

challenge solution was 30 mg/l total organic carbon as ethanol.

Three catalyst treatments (based on borate and boron nitride

chemistries) exhibited significantly improved resistance to

oxidative degradation at 250 F and 60 psig 02 pressure. Based on

these results the borate and boron nitride treatment processes

were further investigated by applying them to additional support

materials and varying the manufacturing procedure.



2.0 CURRENT STATUS AND WORK PERFORMED TO DATE

Testing was accomplished using a flow-through design

representative of a liquid phase catalytic process that uses

molecular oxygen as the oxidant. Multiple catalyst beds can be

tested at the same flowrate and the same temperature using this

test stand, allowing direct and simultaneous comparison of

different treatment techniques. Pre-heating the influent stream

and utilizing a 12" x 2" ceramic cylinder heater that does not

directly contact the stainless steel reactor walls was used. The

test apparatus is shown in Figure I. Figure 2 shows the

theoretical (Henry's Law) concentration of dissolved oxygen vs

pressure. Test conditions were defined as follows:

- empty bed contact time 5 minutes

- reactor pressure 60 psig 02

- catalyst volume I0 cc

- temperature 250F

Table 1 shows the materials that were selected for long-term

tests (the screening test data were reportd previously). These

materials are:

U-301

BB-3A

BB-PI

E-235

BP-2A

BB-3B

untreated 3% Pt on Barnebey-Sutcliffe 208-C carbon

borate-treated 3% Pt on 208-C

mixed boron nitride/phosphate-treated 3% Pt on 208-C

commercial material obtained from Engelhard Corporation

based on their best material for these process

conditions

phosphate-treated 3% Pt on 208-C

borate-treated 3% Pt on 208-C

Tests were previously conducted on analogous materials to assess

both the materials platinum loss and their catalytic activity.

Measurement of catalyst physical stability was attempted by two

methods i) by measuring platinum loss into solution, and 2) by

stopping the tests and drying and re-weighing the catalysts at

four month intervals. Pt loss to solution was found at the end

of the last reporting period to correlate poorly to actual carbon

support weight loss. Therefore, the catalyst weight loss was

determined during this reporting period by halting the tests,

drying the materials at 120 C under UHP nitrogen, removing the

catalyst from the stainless steel housing, weighing the catalyst,

re-loading the housing and restarting the test. These data are

shown in Figure 3.



Table i. Platinum

Catalyst Platinum

U-301 (untreated control)

Loss Screening Test Data

Loadin_ (%) Pt Loss (%)

3 6.86

BB-3A

BB-PI

E-235

BP-2A

BB-3B

(oxidation-protected)

(oxidation-protected)

(oxidation-protected)

(oxidation-protected)

(oxidation-protected)

3 0.69

3 0.83

3 0.40

3 1.31

3 0.52

Table 2. Long-term Dynamic Column Tests

Test Data through May 30,
1999

Test Conditions:

Temperature 250F

02 Pressure 60 psig
Flowrate 2 mllmin

Feed Solution 30 mg/I TOC as Ethanol
Column Size 10 cc

Test Duration 242

days

Column 1 2

No.

Through U-301 BB-3A

utp_uL(_U

Catalyst mass (g)
3 4 5 6

Initial 4.57 4.96 5.41 4.65 4.84 4.77

257 3.49 4.41 4.58 3.58 4.37 4.32

524 1.38 4.26 4.23 1.84 3.44 4.08

722 0.89 3.90 4.01 1.01 2.15 3.88

BB-P1 E-235 BP-2A BB-3B



Figure i. Catalyst Parallel Test Stand
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Figure 2. Dissolved Oxygen Concentration vs Pressure by Henry's Law
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Figure 3. Catalyst Weight Loss
vs Throughput
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Figure 4. Catalyst Weight Loss vs Throughput
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3.0 ANALYSIS OF RESULTS and FUTURE WORK

The test data during the second year of the project has

identified three catalyst treatments (based on borate and boron

nitride chemistries) that exhibit significantly improved

resistance to oxidative degradation at 250 F and 60 psig 02

pressure. The remaining treated materials (based on phosphate

treatment chemistry) exhibited good early performance but began

to attain a rate of oxidative degradation more similar to

untreated materials during the test period. Based on previous

work as well as these test data, it is postulated that the

phoshate-based coatings have a significant level of solubility

under aqueous-phase reactor conditions that limits their long-

term effectiveness. The phosphate-based treatments are more

effective for gas-phase operation, but less suitable (although

according to these data still better than untreated catalysts)

for aqueous-phase contaminant oxidations. Based on these results

the borate and boron nitride treatment processes are suggested

for further investigation by applying them to additional support

materials and varying the manufacturing procedure, and replacing

the phosphate-treated column with an additional borate/boron

nitride-treated column.
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